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Introduction {#bjs550284-sec-0006}
============

Benchmarking of hospitals and hospital departments can help to improve quality and reduce variation in practice. The basic principle of benchmarking consists of identifying the best hospitals from defined outcome measures, identifying their processes and adapting them for quality improvement. The parameters used for hospital benchmarking must be easy identifiable, universal and objective[1](#bjs550284-bib-0001){ref-type="ref"}.

The most important quality metrics of surgical outcomes include length of hospital stay (LOS), readmission and mortality. In particular, readmissions may occur if patients with a complication are discharged too early[2](#bjs550284-bib-0002){ref-type="ref"}, [3](#bjs550284-bib-0003){ref-type="ref"}. The HARM score is based on the quality metrics: length of HospitAl stay, Readmission (30 days) and Mortality rates. First published by Keller and colleagues[2](#bjs550284-bib-0002){ref-type="ref"}, the HARM score is a simple, reliable and objective measure for assessing quality in colorectal surgery, and has been further refined and validated across gastrointestinal and bariatric surgery[4](#bjs550284-bib-0004){ref-type="ref"}, [5](#bjs550284-bib-0005){ref-type="ref"}, [6](#bjs550284-bib-0006){ref-type="ref"}. The HARM score has been shown to be correlated with complications and increasing complication severity[6](#bjs550284-bib-0006){ref-type="ref"}.

However, the HARM score has not been validated in gynaecology, urology, gastrointestinal and vascular surgery, and has not been evaluated in a European setting. The objective of this study was to validate the HARM score in a European surgical population. The hypothesis was that the HARM score would be a reliable quality measure, across surgical specialties, in a national sample.

Methods {#bjs550284-sec-0007}
=======

Patient administrative data from all publicly financed Norwegian hospitals for the period 2011--2017 were obtained from the Norwegian Patient Registry (NPR). The data set contained type of admission (acute or elective), primary and secondary diagnosis codes according to the Norwegian version of ICD‐10, surgical and medical procedures, age, sex, date and time of ward admission and discharge, and procedures, for all department stays[7](#bjs550284-bib-0007){ref-type="ref"}. The NPR conducts extensive checks of logical consistency in the data. Surgical procedures were coded according to the Norwegian version of the Nordic Medico‐Statistical Committee Classification of Surgical Procedures[7](#bjs550284-bib-0007){ref-type="ref"}.

All permanent residents in Norway have a personal identification number (PIN). The NPR encrypted the PIN for all patients with a valid PIN, allowing tracking of patients over time and between hospitals. Hospital data were linked with the NPR to provide date of death where applicable.

The initial data set of primary operations included all abdominal procedures. Procedures were classified by surgical specialty: gastrointestinal, gynaecological, urological and vascular procedures in the abdomen. Procedure codes and types are shown in [*Table S1*](#bjs550284-supitem-0001){ref-type="supplementary-material"} (supporting information).

Diagnosis and procedure codes signifying complications were scored according to the Clavien--Dindo method[8](#bjs550284-bib-0008){ref-type="ref"} ([*Tables S2*](#bjs550284-supitem-0001){ref-type="supplementary-material"} and [*S3*](#bjs550284-supitem-0001){ref-type="supplementary-material"}, supporting information). Clavien--Dindo grade V (death) was not used in this study, as the data did not include cause of death, and death within 30 days is a component of the HARM score.

Procedures were included if the recorded procedure date was within the departmental stay and merged into operations when the time intervals did overlap, thus forming the unit of analysis for the study. In case of missing procedure start or end time of day, these were imputed as 0900 and 1500 hours respectively. Clavien--Dindo grades for the primary stay and any subsequent hospital stays within 30 days of the primary operation, but before any new primary operation, were merged with the primary operation data set. When there was more than one complication code, the highest Clavien--Dindo grade was retained. Departmental stays, possibly at different hospitals, were linked into hospital episodes if the time interval was less than 8 h^9^.

The Charlson Co‐morbidity Index, as revised to ICD‐10, was determined from previous admissions 3 years before, but not including, the current episode of care[9](#bjs550284-bib-0009){ref-type="ref"}, [10](#bjs550284-bib-0010){ref-type="ref"}. The number of hospital episodes in the year before the operation was also calculated.

All primary operations were included if performed on patients aged at least 18 years and the hospital episode included one night of stay. Operations with a missing PIN, admission type or vital status, or with recorded date of death more than 24 h before department admission, were excluded.

All time intervals used in the analysis were counted from the start date and time of day of the primary operation: LOS, 30‐day readmission in the same or a different hospital (R30), and 30‐day mortality, regardless of place of death (D30). LOS was counted from operation start to the end of the complete hospital episode, regardless of any intervening transfers between departments or hospitals. Any all‐cause emergency admissions occurring within 30 days of the operation start, but later than 8 h after the end of the hospital episode, were counted as readmissions. All time computations were exact to the nearest second.

Statistical analysis {#bjs550284-sec-0008}
--------------------

For descriptive statistics, mean(s.d.) values were determined for continuous variables. LOS was scored from 0 to 5. To adapt LOS scoring to the Norwegian data, log‐normal distributions were fitted to LOS, separately for emergency and elective operations. The score cut‐off points were then derived from the 30, 60, 75, 90 and 95 per cent log‐normal percentiles, rounded to whole numbers of days. Cut‐off points longer than 30 days were set to 30 days. Eventually, following the method of Keller *et al*.[2](#bjs550284-bib-0002){ref-type="ref"}, the HARM score was defined as: HARM = LOS score + 5 × D30 + (R30 and not D30).

To adjust hospital HARM scores for patient risk factors, regression models were fitted to the individual HARM scores (after logarithmic transformation), using the Bayesian information criterion and stepwise selection[11](#bjs550284-bib-0011){ref-type="ref"}. Three risk adjustment models were explored, based on different sets of explanatory variables: model 0: age (modelled by natural splines) and sex; model 1, as model 0, with Charlson Co‐morbidity Index, number of previous hospital episodes and admission type (emergency or elective); model 2, as model 1, with surgical specialty. Two‐way interactions between admission type and the other patient specific variables were included as candidate variables in models 1 and 2.

The risk‐adjusted aggregate score for a hospital was calculated by first calculating, for each case in the sample, the expected HARM score in the model, but with the parameters for the particular hospital in question. These expected scores were then averaged, and the process was repeated for all hospitals in turn.

The estimated hospital effects in risk adjustment model 2 to assess the ability of the HARM score were used to discriminate between hospitals, based on the most recent 1‐year data set only, after excluding hospitals with 30 or fewer operations. One measure of discriminatory power is the ratio of between‐hospital variance to the median total variance, τ^2^/(τ^2^ + median(σ~1~ ^2^)), where *τ* is the between‐hospital standard deviation and σ~1~,...,σ~H~ are the standard deviations of the H hospital effect estimates, in this context denoted rankability[12](#bjs550284-bib-0012){ref-type="ref"}. To identify low‐ and high‐HARM score outliers, the deviations of the estimated hospital effects from their 25 per cent trimmed mean were tested for being significantly below or above zero respectively[13](#bjs550284-bib-0013){ref-type="ref"}. The Guo--Romano procedure was used, with false discovery rate not exceeding 0·01 as the criterion for significance, thus correcting for multiple testing[14](#bjs550284-bib-0014){ref-type="ref"}.

The degree of association between the HARM score and the Clavien--Dindo grade was measured by Goodman and Kruskal\'s γ[15](#bjs550284-bib-0015){ref-type="ref"}. The quintiles of mean hospital HARM scores and the percentage of operations with serious complications, defined as Clavien--Dindo grades III and IV, for each hospital, were cross‐tabulated. Only hospitals with 100 operations or more were included, and γ was used to measure the strength of the association.

An alternative way of constructing the LOS score was evaluated, by fitting a cumulative logistic regression model to the Clavien--Dindo grades, with LOS as a continuous variable (modelled by splines), and admission type, R30 and D30 as explanatory variables. This analysis directly estimates candidate cut‐off points that give high correlation with the response variable.

Relationships between missing procedure start times and other characteristics were explored by tabulation. To give an indication of the effect of missing times, LOS and total departmental length of stay were summarized for both complete and incomplete cases. As the total LOS is derived from complete data, this would give an indication of any systematic bias due to missing times. Two alternative ways of handling missing times were studied and compared with the imputation method described above: imputing all start times with the median start time (separately for emergency and elective procedures) (method 1); and using only calendar days to calculate LOS (method 2). The corresponding HARM scores were computed using the previously established LOS scoring, the association with Clavien--Dindo grades was evaluated, and outlier hospitals under model 2 were identified.

All data preprocessing and statistical analyses were performed in R version 3.5.1 (The R Foundation, Vienna, Austria)[16](#bjs550284-bib-0016){ref-type="ref"}.

Results {#bjs550284-sec-0009}
=======

Of a total of 588 232 operations, 437 420 included one night of stay. After exclusion of reoperations and operations on patients aged less than 18 years, 409 483 remained. A further 2370 were excluded because of missing or inconsistent variables. The final analysis data set consisted of 407 113 primary operations on 295 999 patients in 85 hospitals. Operation start time was missing and consequently imputed in 26·6 per cent of the cases. In 2016, some hospital trusts did not identify individual hospitals correctly in the data reported to the NPR. After exclusion of operations with incorrect hospital names or in hospitals with fewer than 100 operations, 55 hospitals remained with 379 428 operations and 279 192 patients for hospital‐specific analyses. The 1‐year data set used to investigate the discriminatory power of the HARM score comprised 53 hospitals with 58 811 operations on 49 971 patients during 2017. All other analyses were performed on the full sample.

Descriptive statistics are shown in *Table* [1](#bjs550284-tbl-0001){ref-type="table"}. Mean LOS for elective and emergency operations was 4·4 and 7·5 days respectively. The procedure for determining LOS scores resulted in the cut‐off points shown in *Table* [2](#bjs550284-tbl-0002){ref-type="table"}.

###### 

Descriptive statistics for the full operation data set, by surgical specialty

                                                                               Several[†](#bjs550284-note-0002){ref-type="fn"}   Gastrointestinal                   Gynaecology                    Urology      Vascular    All specialties
  --------------------------------------------------------------------------- ------------------------------------------------- ------------------ --------------------------------------------- ------------ ------------ -----------------
  **Age (years)** [\*](#bjs550284-note-0002){ref-type="fn"}                                      58·0(16·0)                         58·8(19·6)                      52·6(15·8)                    66·2(14·7)   71·5(11·0)     60·0(18·1)
  **Sex (%)**                                                                                                                                                                                                              
  F                                                                                                 83·6                               48·1                            99·9                          23·6         35·2           52·2
  M                                                                                                 16·4                               51·9         0·1[‡](#bjs550284-note-0002){ref-type="fn"}      76·4         64·8           47·8
  **Admission type (%)**                                                                                                                                                                                                   
  Emergency                                                                                         18·8                               55·2                            15·1                          15·3         30·1           34·4
  Elective                                                                                          81·2                               44·8                            85·0                          84·7        69·91           65·6
  **Charlson Co‐morbidity Index** [\*](#bjs550284-note-0002){ref-type="fn"}                       1·1(2·2)                           1·0(2·1)                        0·2(0·9)                      1·0(1·9)     0·8(1·5)       0·9(1·9)
  **No. of previous admissions** [\*](#bjs550284-note-0002){ref-type="fn"}                        1·7(7·1)                           1·8(7·1)                        0·7(3·2)                     2·3(10·3)    3·3(16·5)       1·8(8·1)
  **30‐day readmission rate (%)**                                                                   10·6                               11·5                             4·7                          11·5         13·1           10·2
  **30‐day mortality rate (%)**                                                                      1·6                               4·0                              0·2                          0·9          5·2             2·4
  **Clavien--Dindo complication grade (%)**                                                                                                                                                                                
  No complication                                                                                   64·4                               63·0                            88·8                          67·9         43·8           68·6
  I                                                                                                  0·4                               0·7                              0·3                          1·0          2·4             0·7
  II                                                                                                16·3                               16·2                             6·8                          19·1         27·9           15·6
  III                                                                                               15·0                               13·3                             3·6                          8·5          19·4           10·4
  IV                                                                                                 3·9                               6·9                              0·6                          3·6          6·5             4·7
  **No. of operations**                                                                            16 131                            188 545                          77 180                       111 158       14 099         407 113

\*Values are mean(s.d.). †Procedures from more than one specialty occurring at one operation. ‡Related to gender affirmation surgery.

###### 

Lower cut‐off points for length of stay score categories

       LOS (days)  
  --- ------------ ----
  0        --       --
  1        1        1
  2        4        3
  3        8        4
  4        19       7
  5        30       10

LOS, length of stay.

The distribution of HARM scores is shown in *Table* [3](#bjs550284-tbl-0003){ref-type="table"}. The overall mean was 1·94. For comparison with previous studies[4](#bjs550284-bib-0004){ref-type="ref"}, [5](#bjs550284-bib-0005){ref-type="ref"}, corresponding percentage values are also shown. Notably, the proportion of scores exceeding 4 (death within 30 days, readmission with LOS score of 4, LOS score of 5) was markedly lower for the present study. The relative frequencies of these events were 2·4, 1·4 and 6·6 per cent respectively.

###### 

Distribution of HARM scores in present and previously published series

                                                                      HARM score               
  ------------------------------------------------------------------ ------------ ------ ----- ------
  Crawshaw *et al*.[5](#bjs550284-bib-0005){ref-type="ref"} (2017)       49·1      12·0   9·8   29·2
  Brady *et al*.[4](#bjs550284-bib-0004){ref-type="ref"} (2018)          55·8      10·0   9·4   24·7
  Present series                                                         69·3      13·5   6·8   10·4

Values are percentages.

*Table* [4](#bjs550284-tbl-0004){ref-type="table"} shows mean HARM scores for age quartile, sex and surgical specialty.

###### 

Mean HARM score by age quartile, sex and surgical specialty

                              HARM score
  -------------------------- ------------
  **Age quartile (years)**   
  18--47                         1·4
  48--63                         1·9
  64--74                         2·2
  75--100                        2·4
  **Sex**                    
  F                              1·9
  M                              2·0
  **Surgical specialty**     
  Several                        3·0
  Gastrointestinal               2·4
  Gynaecology                    1·1
  Urology                        1·5
  Vascular                       3·0

The correspondence between HARM score and Clavien--Dindo grades per operation is shown in *Fig*. [1](#bjs550284-fig-0001){ref-type="fig"} (Goodman--Kruskal γ 0·59). *Table* [5](#bjs550284-tbl-0005){ref-type="table"} shows the correspondence between mean HARM scores and rate of serious complications per hospital (Goodman--Kruskal γ 0·14).

![Proportions of Clavien--Dindo grades by HARM score, per operation](BJS5-4-637-g001){#bjs550284-fig-0001}

###### 

Clavien--Dindo grade III--IV *versus* quintiles of mean HARM score per hospital

  Quintile of hospital HARM score    Clavien--Dindo grade III--IV
  --------------------------------- ------------------------------
  1                                               4·9
  2                                              11·0
  3                                              12·4
  4                                              14·7
  5                                              16·6

Values are percentages.

For the three risk adjustment models 0, 1 and 2, *R* ^2^ values were 0·10, 0·16 and 0·25 respectively. The corresponding risk‐adjusted hospital mean HARM score for each model was calculated and compared with the unadjusted score (*Fig*. [2](#bjs550284-fig-0002){ref-type="fig"}).

![Risk‐adjusted *versus* unadjusted hospital HARM scores **a** Model 0 adjusts for age and sex. **b** Model 1, as model 0 plus adjustment for co‐morbidity, admission type (emergency or elective) and previous admissions. **c** Model 2, as model 1 plus surgical specialty.](BJS5-4-637-g002){#bjs550284-fig-0002}

After fitting model 2 to the data for 2017 only, the rankability was 0·98; of the 53 hospitals, 16 hospitals were declared low‐mortality outliers and 16 high‐mortality outliers. Risk‐adjusted aggregate scores for the 1‐year data, with outlier status indicated, are shown in *Fig*. [3](#bjs550284-fig-0003){ref-type="fig"}.

![Risk‐adjusted HARM scores per hospital under model 2, with outlier status](BJS5-4-637-g003){#bjs550284-fig-0003}

The alternative method for estimating LOS scores to give the best correspondence between the HARM score and Clavien--Dindo grade, using cumulative logistic regression, yielded very large LOS cut‐off points, and thus did not discriminate between the main body of cases.

Cases with missing start time of day had somewhat longer LOS than those with complete data. The same increase was found for the total length of stay, counting from admission instead of operation start. The proportion of missing times was somewhat higher for emergency than for elective cases, and appeared to be weakly associated with hospital and surgical specialty. The two alternative ways of handling missing procedure times resulted in very small changes in Goodman--Kruskal γ values and rankability (data not shown). The number of non‐outlier hospitals remained small (17 and 26 for the method 1 and 2 respectively).

Discussion {#bjs550284-sec-0010}
==========

In this study, the HARM score was evaluated in patients undergoing abdominal surgery in Norwegian hospitals, after adjustment by establishing a new LOS score. The HARM score increased with age and was lower for gynaecological and urological than for gastrointestinal and vascular procedures. A moderate to strong association between HARM scores and complications, as measured by Clavien--Dindo grades, was documented for individual operations. Going from the hospitals in the lowest quintile of mean HARM score to the highest, the percentage of serious complications increased threefold. The mean HARM score differentiated well between surgical specialties.

Risk adjustment for age, sex, co‐morbidity, type of admission and number of previous admissions was also studied and had only a moderate impact, whereas adjusting also for surgical specialty led to large adjustments. In particular, hospitals with low unadjusted scores tended to have substantially increased scores after adjustment. These hospitals had a different case mix, in particular a higher proportion of gynaecological and very few vascular operations.

For comparison of hospitals, the aggregated score discriminated strongly between hospitals. Of 53 hospitals, 16 were identified as low HARM score outliers and 16 as high HARM score outliers, using a multiple testing method and 1‐year data.

This study was based on a large and recent sample, covering virtually all relevant abdominal surgeries in the nation over a 7‐year period. NPR, the data source, has a high degree of completeness, as shown by comparing coverage of diagnoses and/or procedures with medical quality registries[17](#bjs550284-bib-0017){ref-type="ref"}. However, the data set did not cover outpatient visits. According to the NPR\'s guidelines, complications should not be reported unless they have had consequences for the care given, but actual practice may be variable. On the other hand, by including complications registered in subsequent hospital admissions, there is a risk of including complications unrelated to the primary operation. In addition, conditions counted as complications may have been present before surgery, as the NPR does not have a code for a condition being present on admission. In a recent study[18](#bjs550284-bib-0018){ref-type="ref"} in two Norwegian hospitals, the presence of surgical complications in patient administrative systems was found to have a sensitivity and specificity of 56 and 95 per cent respectively, and 76 and 65 per cent after exclusion of complications present on admission. A medical registry study[19](#bjs550284-bib-0019){ref-type="ref"} found a 14·0 per cent rate of major complications after elective colonic cancer surgery in Norway. This corresponds well with the finding of a 20·2 per cent rate of complications with Clavien--Dindo grade III--IV for all gastrointestinal operations.

The rate of missing time of day for procedures was relatively high. Cases with imputed start times had longer LOS than the rest. However, the same cases also had longer departmental length of stay. The incompleteness was therefore deemed inconsequential for the present methodological development study, although it could pose a problem in the actual use of the HARM score in benchmarking or quality reporting. However, the results were changed only marginally when the score was computed without exact start times. Other variables showed a high degree of completeness and consistency. Although it could be useful for risk adjustment, this study did not measure the severity of illness or the complexity and duration of the surgery. A recent Norwegian study[20](#bjs550284-bib-0020){ref-type="ref"} of gastrointestinal cancer surgery concluded that an appropriate measure of LOS should include not only transfers, but also readmissions.

The present findings are consistent with previous studies of the HARM score. However, a lower occurrence of the highest HARM scores was documented. A reasonable explanation could be the low rate of 30‐day mortality and readmission, as well as the short hospital stays in these data.

The HARM score is a composite quality measurement, motivated by the fact that simple rates of risk‐adjusted morbidity or mortality may not reliably reflect hospital performance with surgery. In the literature, several composite surgical quality measurements have been described[21](#bjs550284-bib-0021){ref-type="ref"}, [22](#bjs550284-bib-0022){ref-type="ref"}, [23](#bjs550284-bib-0023){ref-type="ref"}, [24](#bjs550284-bib-0024){ref-type="ref"}, [25](#bjs550284-bib-0025){ref-type="ref"}, [26](#bjs550284-bib-0026){ref-type="ref"}, [27](#bjs550284-bib-0027){ref-type="ref"}, [28](#bjs550284-bib-0028){ref-type="ref"}, [29](#bjs550284-bib-0029){ref-type="ref"}. All of these metrics are fairly new, and none seems to have been firmly established.
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Click here for additional data file.
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